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ABSTRACT:

Introduction: Trail running is characterized by elevation changes with uneven and varying
running surfaces. Risk factors that may predict gradual onset running related injuries
(GORRISs) in short distance trail running have not been explored. The objective was to
determine risk factors that predict GORRIs in trail running race entrants who entered for
mass community-based trail running events.

Methods: In this descriptive cross-sectional study, data were collected prospectively from a
prerace medical screening questionnaire over 4 trail run events held annually. Using a
Poisson regression model, runner demographics, race distance, running training/racing
variables, history of chronic diseases (number of chronic diseases reported as a cumulative
“chronic disease composite score™), and allergies were investigated to determine factors
predicting self-reported GORRI history in the previous 12 mo.

Results: This study included 2824 race entrants (80% of entrants). The retrospective annual
incidence for GORRIs was 13%. Independent risk factors predicting GORRIs were: longer
race distance (P<0.0001), increasing chronic disease composite score (P=0.0012), and a
history of allergies (P=0.0056). The lower limb (94%) was the main anatomical region of
GORRIs, and soft tissue injuries accounted for most (83%) GORRIs. Common specific GORRIs
were iliotibial band syndrome (22%), achilles tendon injury (10%), and hamstring injury
(9%).

Conclusion: Independent risk factors predicting GORRIs among trail running entrants
included longer race distance, a higher chronic disease composite score, and a history of
allergies. This study has highlighted trail running race entrants at risk for sustaining GORRIs

that could be targeted for future injury prevention interventions.
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INTRODUCTION

Physical activity is associated with a reduced risk for developing chronic disease and
premature all-cause mortality.> Evidence further suggests that participating in outdoor
physical activity improves mental wellbeing.? Trail running involves running on off-road
terrains in outdoor environments and is characterized by large elevation changes.® Even
though running has numerous proven physical and mental health benefits, it is still associated

with a high risk for injury.*

The most common injuries described in running literature involve gradual onset
running related injuries (GORRIs)*® as a result of low kinetic energy transfer over time causing
tissue damage.® Most studies only focus on marathon and ultramarathon running distances’”
14 with limited information on GORRIs among trail runners participating in shorter distance

trail run events.

In one study among ultra-distance trail runners, injury risk factors among elite runners
included being more experienced runners, and runners with physical labor occupations.
However, the authors did not investigate the medical history of participants.?° The prevalence
of certain chronic diseases among endurance runners is up to 13%,'° and chronic diseases are
also associated with an increased risk for gradual onset injuries.'®2° Additionally, some
medication used in the treatment of chronic diseases are associated with an increased risk
for injury.?*-?" The relationship between chronic diseases and risk of GORRIs has not been

explored in trail runners.



The importance of investigating injury profiles and determining associated injury risk
factors for GORRIs among this population is emphasized by the challenges faced during
medical coverage at some trail running events.?® These events can span over large
geographical regions in remote settings where medical staff and runners are exposed to
environmental hazards which include extreme weather, water crossings, insect-borne
infections, and wildlife.?22° In these settings, injured runners often receive delayed medical
care due to the logistical challenges of providing emergency medical care in remote
regions.?®2° A history of previous injury is a known injury risk factor among runners,33!
therefore an attempt should be made to prevent injury in training period prior to race
participation. For specific injury prevention strategies among short distance trail runners in
the training period prior to race participation, we need an improved understanding of the

injury profiles and associated injury risk factors for GORRIs in this population.

The main aim of this study was to determine risk factors that predict a history of
GORRIs in trail running race entrants who entered for mass community-based trail running
events. A secondary aim was to report the epidemiology and clinical characteristics of self-

reported GORRIs among trail running race entrants.

METHODS
Study Design

A descriptive cross-sectional analysis of data collected prospectively at 4 annual trail running

events.



Participants and data collection

The research ethics committee of the University of Cape Town (REC 009/2011 and REC
030/2013) approved the protocol and the research ethics committee of the University of
Pretoria (REC 433/2015) approved the on-going data collection and subsequent analysis of

the data.

This study forms part of the strategies to reduce adverse medical events for the
exerciser (SAFER) studies—SAFER XVIII. Participants in this study were race entrants from the
Two Oceans trail runs, a mass community-based trail running event in South Africa that is
composed of a 10-km and a 22-km race. No qualification was required for either of the events.
Entrants were defined as any runner registering for the races (registration typically opens 3—

5 mo before the races) held annually over 4 y (2012-2015).

Online prerace medical screening

In this 4-y study period a compulsory prerace medical screening questionnaire was
implemented for all race entrants. The prerace medical screening questionnaire was based
on the European Association for Cardiovascular Prevention and Rehabilitation (EACPR)
recommendations®? and consisted of the following main categories: history of cardiovascular
disease (CVD), symptoms of CVD, risk factors for CVD, other chronic diseases, general
prescription medication use, medication use during racing, injury and a past history of
collapse during racing. The full detail of this online medical screening and implementation
thereof has been described in previous studies.'®>3 Entrants completing the screening were

given the opportunity to consent to their data being used for research purposes.



In the prerace medical screening, entrants were asked the following specific question
related to gradual onset injuries: “Do you or did you suffer from any symptoms of a chronic
(no accident) running injury (muscles, tendons, bones, ligaments or joints) in the past 12
months or currently?”. We defined these injuries as “GORRIs”, as recommended by the 2020
international Olympic committee (IOC) consensus statement.® For inclusion, an injury was
defined as “An injury that is/was severe enough to interfere with running or require treatment
e.g. use medication or require you to seek medical advice from a health professional”. If the
response to the previous question was “yes”, entrants were required to complete additional
questions related to the gradual onset running injury, including: past or current injury,
anatomical region, body area, type of anatomical structure, severity and whether the injury

was one of the more commonly known GORRIs.

Primary Outcome

The primary outcome of this study was a history of GORRIs in the past 12 mo among trail
running race entrants. The following 3 categories of independent variables of interest as
factors predicting GORRIs were explored: 1) demographics (sex and age groups) and race
distance; 2) running training/racing variables (years as a recreational runner, average weekly
training/running frequency in the last 12 mo, average weekly training/running distance in the
past 12 mo, average training speed, race vs average training speed ratio); and 3) history of
chronic disease (any risk factors for CVD, history of existing CVD, symptoms of CVD, endocrine
disease, respiratory disease, gastrointestinal disease, nervous system/psychiatric disease,
kidney/bladder disease, hematological/immune system disease, and cancer) and any

allergies. We calculated a further variable, a chronic disease composite score (out of 10),



which is a continuous variable of the sum of an individual’s answer to 10 questions related to

the aforementioned history of chronic disease.

In the reporting on the outcomes in this manuscript, we used the terminology
“prediction” instead of “association”, based on recently published guidelines regarding clear
goal setting in sports injury research.®In addition, we also reported the retrospective annual
incidence (% runners: 95% CI) and frequency of injury characteristics (% of injuries) for
anatomical region, body area, tissue type and common specific GORRIs. Injury severity was
recorded as frequencies (%) of less severe (Grade | — only experience symptoms after exercise;
and Grade Il — experience symptoms during exercise but it does not interfere with exercise)
and more severe (Grade lll — experience symptoms during exercise that may interfere with
training/competition; and Grade IV — may not be able to train/compete due to pain) injuries.3®
More severe injuries were classified as those that interfered with the runner’s ability to

continue with training or racing.

Statistical Analysis

All race entrants’ data were entered into Excel and then transferred into SPSS statistical
software (version 25) and SAS (V.9.4) statistical analysis system. The binary-scaled dependent
variable in the model was the response to the question related to GORRI, and entrants were
coded as having a GORRI if they reported 1) a GORRI in the past 12 mo or 2) a current GORRI.
Entrants could report more than one injury. Frequency analysis was performed for the
descriptive data (% of all entrants; 95%ClIs). For the risk factors, two groups were used (injured
group n=338, control group n=2486), a Poisson distribution with a log link function was used

and the P-values for a Type 3 GEE analysis were reported. All possible factors were first



explored in a univariate analysis. Using highly significant factors (P<0.001, due to the small
sample size) from the univariate model, a multiple regression model was performed.
Prevalence ratios (PR; 95% CIs) were reported and a final significance level of <0.05 was

accepted.

RESULTS

Over the 4 annual events, 3547 runners entered and 2824 entrants (80%) gave consent for
their data to be analyzed (10 km [n=1131] and 22 km [n=1693]). There were no significant
differences between entrants consenting as study participants compared to all race entrants

by sex, age groups or race distance (Table 1).

Table 1. Characteristics of all trail run race entrants and study

participants
Characteristics All trail run Study P value”
entrants participants
(n=3547) (n=2824)
%" (n) %" (n)
Sex
Male 57 (2003) 57 (1597) 0.9485
Female 44 (1544) 43 (1227
Age groups (y)
<30 30 (1073) 30 (857) 09124
31-40 37 (1312) 36 (1022)
41-50 23 (816) 24 (666)
>50 10 (346) 10 (279)
Race distance (km)
10 41 (1463) 40 (1131) 0.3342
2 59 (2084) 60 (1693)

*Percentage of the total.
°P value—all trail run entrants vs entrants consenting as study
participants.

Annual incidence of GORRIs

In the previous 12 mo, 338 trail running race entrants reported a total of 349 GORRIs. Eleven

(3%) of the 338 participants reported a second injury (total injuries, n=349) and 82 (24%) of



the 338 participants suffered from a “current” injury at the time of completing the prerace
screening questionnaire at race registration. The retrospective annual incidence of injuries in

this study population was 13% (95%Cl: 11 — 14).

Characteristics of GORRIs among trail running race entrants

The main anatomical region affected by GORRIs was the lower limb (94%: n=328), followed
by the trunk (5%: n=16) and the upper limb (1%: n=2). The most common body areas affected
by GORRIs were the knee (35%: n=123), followed by the shin/lower leg/calf (16%: n=55) and

the thigh (11%: n=38) (Table 2).

Table 2. Anatomic region and specific body area of gradual-
onset running-related injunes among trail running race entrants

(n=349)
Anatomic region Body area % (n)
Head and neck Head 0()
Upper limb Shoulder 0(1)
Wnist 0(1)
Trunk 5(16)
Lower limb Hip/Groin/Pelvis 5(18)
Thigh 11 (38)
Knee 35(123)
Achilles tendon 11 (37)
Shin/Lower leg/Calf 16 (55)
Ankle 6(21)
Foot 10 (36)
Unspecified 1(2)
Total 100 (349)

The most common specific GORRI was iliotibial band syndrome (ITBS) (22%: n=78), followed
by achilles tendon injury (10%: n=35), hamstring injury (9%: n=30), calf muscle injury 7%:

n=23) and foot/heel pain (5%: n=19) (Table 3).



Table 3. Frequency of common specific gradual-onset running-

related mjunes (12 mo pror to race entry) among trail running
7 o o

race entrants (n=349)

Common specific gradual-onset
running-related injuries

% (n)

Knee-iliotibial band syndrome
Achilles tendon injury
Hamstring mjury
Calf muscle injury
Foot or heel pain
Anterior knee pain/Patellofernoral pain
Lower back pain
Plantar fasciits
Hip muscle mnjury
(including gluteus/buttock muscles)
Shin splints (muscle/tendon)
Shin splints (bone)
Quadriceps muscle injury
Lower leg compartment syndrome
Other

22 (78)
10 (35)
(30)
(23)
(19)
(16)
(15)
(14)
(12)

~ O

wn

P

3(10)
2 (8)
1 (3)
1(2)
24 (84)

Total

100 (349)

The frequency of Grade IV injuries (not able to train or compete due to injury) was 18% (n=63).

The frequency of Grade Il injuries was 33% (n=114), followed by Grade Il (26%: n=90) and

Grade | (23%: n=79). Slightly more severe GORRIs were reported as 51% (n=177) compared

to the less severe injuries (48%: n=169).

Risk factors predicting a history of gradual onset injuries in trail running race entrants

(Univariate analysis)

Runner demographics (sex, age group) and race distance

The overall prevalence of GORRIs (n=338) among trail running race entrants was 12% (95%ClI:

11-14). The prevalence of GORRIs was not significantly different between males and females

(PR=1.0, P=0.7722) and across age groups (P=0.1246). There was a higher prevalence of
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GORRIs among trail running race entrants participating in the longer race distance (PR=1.8,

P<0.0001) (Table 4).

Table 4. Number, prevalence, and PR of trail running race entrants with a history of GORRI by race distance, sex, and age group

Characteristics Study participants (n=2824)  Study participants with a GORRI (n=338) PR (95% CI) P value
n n Prevalence (%; (95% CI)

Overall 2824 338 13 (11-14)

Runner demographics

Sex
Male 1568 184 12 (10-14) 1.0 (0.8-1.3) 0.7722
Female 1210 154 12 (11-14)

Age groups (y)
<30 840 86 10 (8-13) 0.1246
31-40 1002 128 13 (11-15) 1.3 (1.0-1.7)
41-50 663 92 14 (11-17) 1.4 (1.0-1.8)
>50 273 32 11 (8-16) 1.1 (0.7-1.6)

Race distance (km)
10 1113 93 8 (7-10) 1.8 (1.4-23) <0.0001"
22 1665 245 15 (13-17)

GORRL gmadual-onset running-related injury: PR, prevalence ratio.
Missing data in 46 entrants.
*Statistically significant.

Running training/racing history

The number of years of recreational running (PR=1.1 per 5-unit increase; P=0.0014) and an
increased average weekly training/running distance in the last 12 mo (PR=1.0 per 5-unit

increase; P=0.0061) were associated with an increased PR for GORRIs (Table 5).
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Table 5. Prevalence and PR of trail running race entrants with a GORRI by training/racing history (unadjusted)

Running training/ Points in the continuous Trail run race entrants with PR (95% CI) P value
racing history variable” a GORRI (n=338):
prevalence (%; 95% CI)
Time as a recreational 3 11 (9-12) S-unit increase 0.0014
runner (y) 6 11 (10-13) 1.1 (1.0-12)
13 13 (12-14)
Average weekly 2 11 (9-13) 2-unit increase 0.0610
raining/ running 3 12 (11-13) 1.1 (1.0-1.3)
frequency in the last 4 13 (11-14)
12 mo (times:wk ")
Average weekly 15 11 (10-12) S-unit increase 0.00617
raining/running 25 12 (11-13) 1.0 (1.0-1.1)
distance in the past 40 13 (12-15)
12 mo (km)
Average training speed 9 12 (10-13) l-unit increase 0.5046
(kmeh'") 1 12 (11-14) 1.0 (1.0-1.1)
13 13 (11-14)
Race vs training speed 05 14 (12-17) 0.5-unit increase 0.0590
ratio (RS/TS") 1.0 11 (9-13) 1.0 (0.9-1.1)
1.5 8 (5-13)

GORRL gmdual-onset running-related injury; PR, prevalence ratio.

*Statistically significant.

"Race speed (kmh™) vs training speed (kmvh™) ratio = race speed/training speed: a value > 1 is a faster average race speed compared to average
training speed, and a value <1 is a slower average race speed compared to average training speed.

History of chronic disease and allergies

The results of trail running race entrants with a GORRI by history of chronic disease and

allergies is shown in Table 6.

Table 6. Number, prevalence, and PR of trail running race entrants with a GORRI by history of chronic discase and allergies
(unadjusted)

Characteristics Study participants Race entrants with a GORRI (n=338) PR (95% CI) P value
(n=2824)
n n Prevalence (%; 95% CI)

History of chronic
disease
Chronic disease
composite score (0-10)

0 - - 11 (10-12) 2-unit increase 0.0004"
2 - - 19 (15-23) 1.7 (1.4-2.2)
4 - - 32 (21-49)

History of allergies
Any allergies

Yes 322 65 19 (15-24) 1.7 (13-22) 0.0008"
No 2455 273 11 (10-13)
Missing 47 0

GORRL gradual-onset running-related injury: PR, prevalence ratio.
*The composite number of 10 chronic diseases for an individual (continuous variable, therefore no number of participants in the groups).
"Statistically significant.
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A higher chronic disease composite score was associated with a higher prevalence of GORRIs
among trail running race entrants (PR=1.7; P=0.0004) in a “dose-dependent” fashion (Figure
1). For every two additional chronic diseases, the prevalence of GORRIs increased 1.7 times.
Notably, the confidence intervals widened as the score increased, due to the number of
entrants with higher composite scores decreasing. A history of any allergies (PR=1.7,

P=0.0008) was associated with a higher PR for GORRIs among trail running race entrants.

40

Prevalence of injury (%)

10 -

T T T T

0 1 2 3 -

Chronic disease composite score

Figure 1.The relationship between the prevalence of gradual-onset running-related injuries
and the number of chronic diseases (chronic disease composite score) (shaded area is 95%
Cl). Wide confidence intervals are indicative of the small sample size at that score.

Independent risk factors predicting a history of GORRIs in trail running race entrants

(Multiple Regression Analysis)

Independent risk factors predicting a history of GORRIs in trail running entrants were longer
race distance (PR=1.9, P<0.0001), a higher chronic disease composite score (PR=1.6,

P=0.0012), and a history of any allergies (PR=1.6, P=0.0056) (Table 7).
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Table 7. Independent risk factors that predict a history of GORRIs in the past 12 mo (multiple regression analysis)

Runners with a GORRI PR (95% CI) P value
% (95% CI)
Race distance (km)
10 9 (@-11) 19 (1.5-24) <(0.0001
22 17 (15-20)
History of chronic disease
Chronic disease composite score
0 12 (10-14) 2-unit increase: 0.0012°
2 19 (15-23) 1.6 (1.3-2.1)
4 30 (20-46)
History of allergies
Any allergies
Yes 18 (14-22) 1.6 (1.2-2.0) 0.0056
No 11 (10-13)
Adjusted for age and sex.
GORRL gradual-onset running-related injury; PR, prevalence ratio.
“Statistically significant.
"The composite number of 10 chronic diseases for an individual (continuous variable).
DISCUSSION

In our study, runners entering for the longer trail run had a higher prevalence of self-reported
GORRIs. Runners entering longer race distances are usually more experienced and train at
higher weekly running distances in comparison to entrants of shorter race distances. Among
Greek trail runners, increased running experience was associated with a higher risk of injury.*
We found similar results in our univariate analysis indicating that increased years of running
were associated with a higher PR of a GORRI. Our univariate analysis also indicated that an
increased average weekly running distance was associated with a higher prevalence of a
GORRI. Future studies using larger sample sizes may identify running experience and weekly

running distance as independent risk factors predicting a history of GORRIs.

We showed that a higher chronic disease composite score predicted a history of
GORRIs. Specifically, for every two additional chronic diseases present the prevalence of
GORRIs increased 1.6 times in a “dose-dependent” fashion. This is an intriguing finding. The
prevalence of chronic disease among endurance runners has been reported at between 2%

to 13% and 16% of runners have at least one risk factor for CVD.1® Studies confirm that a
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variety of chronic diseases, which affect various organ systems, are associated with an
increased risk for gradual onset injuries.t®? For example, diabetes mellitus,
hypercholesteremia, and obesity are associated with a higher risk of tendinopathy,¢-8 and
chronic obstructive pulmonary disease (COPD) is associated with an increased risk for bone

stress injuries.1%%°

Another consideration is that the medications used in the treatment of chronic
diseases may also be associated with an increased risk for injury.?*-?” There are reports that
drug-induced tendinopathy is associated with the use of fluoroquinolones,?* statins,?22°
corticosteroids,?* aromatase-inhibitors,?” and isotretinoin.?> A higher risk for tendon
ruptures?! and osteoporosis?® are reported with the use of corticosteroids, while isotretinoin
increased the risk for developing enthesopathy.? The relationship between the medication
dosage and adverse effects is not well quantified in the use of corticosteroids,?® but the
adverse effects of statins appear to be dose-dependent. Finally, certain medication
interactions are associated with increased tendon toxicity® and combinations of medications

are a further risk factor for developing a toxic tendinopathy.?’

The cross-sectional nature of our study limits our ability to establish a cause-effect
relationship between the chronic disease composite score and injury risk. These findings do
suggest that not only the presence of chronic disease, but also the choice of medication used
in treatment, medication dosage, and medication interactions need to be explored as risk

factors for GORRIs in future studies.

We also showed that a history of allergies predicted a history of GORRIs. Trail runners
participate in various outdoor settings where they are exposed to a variety of potential

allergens. Trail running is an endurance sport, and it is well established that a history of
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allergies is common in endurance athletes.'>8 We can only speculate on the possible reasons
for the association between allergies and GORRI. Again, both the allergy itself and the
medication used to treat allergies may be mechanisms responsible for the increased risk of
injury. Anti-histamines are commonly used to treat allergies, but have side-effects such as
fatigue and drowsiness.*° If this medication is used during training and racing, acute fatigue
can alter lower extremity muscle strength, postural control, and ankle joint position sense,
which may increase injury risk.*® Future research should explore the relationship between

allergies, the medication used to treat allergies and GORRIs.

This is the only study to report the annual incidence (13%) of GORRIs among short
distance trail running race entrants, therefore we could not compare our results to any
current literature. Our results show that the lower limb (94%) is the most commonly injured
anatomical region and this is a similar finding to that previously reported among longer
distance trail runners.811131441 |n our study, the knee was the most common body area for
GORRIs (35%) which is much higher compared to Dutch trail runners (18%).4! In downhill
running, the knee is exposed to increased flexion angles during load absorption and
redistribution, and this may contribute to the higher prevalence of knee injuries.*? The lower
frequency of knee injuries reported among Dutch trail runners** may be related to a

difference in the trail running landscape in the Netherlands with minimal elevation changes.

Our results indicated that soft tissue accounted for 82% of all injured tissue types. The
specific tissues involved were muscle (33%), followed by tendon (30%) and ligament (18%),
and these findings are similar to those reported in Dutch trail runners (muscle=28%,
tendon=24%, ligament=7%).%! In ultra-distance trail runners similar injured tissue types were

found with tendon (36%), ligament (43%), and muscle (21%).! However, we note that in the
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Italian trail running study, acute injuries were included, specifically a high number of ankle

sprains. Therefore, we cannot strictly compare our data to that study.?

Finally, we show that 51% of GORRIs are severe enough to interfere with training or
competition (Grade Il and IV). Even though Grade IV injuries were the least frequently
reported (18%), it is of concern if a trail runner cannot continue with running due to pain,
especially during training/racing in remote regions where medical evacuation is challenging.?®
We cannot compare this finding to other studies because there is substantial variation in the
definitions of injury severity in the trail running literature,®4* which restricts our ability to

compare results.

LIMITATIONS

This study has several limitations. We cannot determine a cause-effect relationship between
any of the identified risk factors due to the cross-sectional nature of the study. All the injury
and training data are self-reported and could have been affected by recall bias. Owing to recall
bias, we could not accurately determine the study participants’ actual running exposure on
trails. The diagnosis of injuries could not be verified. Lastly, we acknowledge that many other
factors (eg, elevation change, running surface, individuals’ level of conditioning, intrinsic
lower limb biomechanics, footwear etc.) may also be associated with the risk for developing
GORRIs, but could not be explored in our study. Future studies are needed to explore the
causal relationship between the risk factors and GORRIs among short distance trail running

race entrants.

CONCLUSION
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Independent risk factors that predict a history of GORRIs among short distance trail running
entrants include longer race distance, a higher chronic disease composite score, and history
of any allergies. Specifically, for every two additional chronic diseases present the prevalence
of GORRIs increased by 1.6 times in a “dose-dependent” fashion. Our results highlight trail
running race entrants at risk for sustaining GORRIs that could be targeted for future injury

prevention interventions.
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FIGURE LEGEND

Figure 1: The relationship between the prevalence of GORRIs and the number of chronic
diseases (chronic disease composite score) (shaded area is 95% Cl).
Wide confidence intervals are indicative of the small sample size at that score
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